CYP2E1 degradation by in vitro reconstituted systems: role of the molecular chaperone hsp90.
One major mode of regulation of cytochrome P450 2E1 (CYP2E1) is at the posttranscriptional level, since many low-molecular-weight compounds stabilize the enzyme against proteolysis by the proteasome complex. In an in vitro system containing human liver microsomes, degradation of CYP2E1 in the microsomes required addition of the human liver cytosol fraction in a reaction sensitive to inhibitors of the proteasome complex. It is not clear how CYP2E1 in the microsomal membrane becomes accessible to the cytosolic proteasome. Since molecular chaperones play a role in protein folding and degradation, the possible role of heat shock proteins in CYP2E1 degradation by this reconstituted system was evaluated. Degradation of CYP2E1 required ATP; ATP-gammaS, a nonhydrolyzable analogue of ATP, did not catalyze CYP2E1 degradation by the cytosol fraction, indicating that ATP hydrolysis is required. Geldanamycin, a specific inhibitor of hsp90, inhibited the degradation of microsomal CYP2E1 by the cytosol fraction. Control experiments indicated that geldanamycin was not a substrate/ligand of CYP2E1 nor did it prevent microsomal lipid peroxidation, a process which increases CYP2E1 turnover. Inhibition by geldanamycin was prevented by molybdate. Both of these compounds have been shown to promote alterations in hsp90 structure and to modulate hsp90-protein interactions. The proteasome activity in the cytosol, as assayed by the cleavage of a fluorogenic peptide, was enhanced when ATP was added and inhibited by 30-40% by geldanamycin, effects that are similar, although less pronounced, to the degradation of CYP2E1 by the cytosol. Purified 20S proteasome could catalyze degradation of CYP2E1; however, in an assay using equal peptidase activity, the cytosol fraction was much more effective than the 20S proteasome in promoting CYP2E1 degradation. Immunodepletion of hsp90 from the cytosol resulted in prevention of the degradation of CYP2E1, a reaction that was reversed by the addition of pure hsp90 to this cytosol. These results suggest that in addition to the proteasome, the cytosol fraction contains other factors that modulate the efficiency of CYP2E1 degradation. The sensitivity to geldanamycin and molybdate and the immunodepletion experiments suggest that hsp90 is one of these factors that interact with CYP2E1 and/or with the proteasome to promote the degradation of this microsomal P450.